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(54) RF choke for MRI coil control cable 

(57) An RF choke for use in shielded cable control lines between RF coils and the controller of an MRI system is 
disclosed. The RF choke is formed of a coil 44 of the conductive tubing in which the control signal wires 40 are 
housed. A capacitor C2, with a trimmer C2V, Is connected in parallel to the coil 44 to form an RF trap acting to 
prevent passage of spurious RF currents along the outside of the shield conductor. The coil 44 may be toroidal. 
The control lines may be used to control matching of the RF coils, and to control detuning of the RF coils. 
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GROUND BREAKER FOR 
MULTIPLE CONTROL LINES 

FIELD OF T HE INVENTION 

5 This invention generally relates to radio frequency interference 

chokes designed to impede the flow of spurious RF currents that may be 
carried on the shielding jacket of control line cables. The invention has 
particular application to an improved magnetic resonance imaging (MRI) 
system where the present RFI choke assembly interrupts spurious RF 

10 currents on the RF ground loop between a receiver coil set and its 
associated coil control lines. 

BACKGROUND OF THE INVENTION 

MRI systems utilize RF coils to transmit RF signals into selected 
portions of a body to excite magnetically aligned nuclei within that body, 

15 MRI devices typically employ at least one RF coil for transmitting the RF 
signals and either the same or another RF coil for receiving RF signals 
generated by the excited nuclei in the body. As may be expected, the 
switching of the RF transmit and receive coils are carefully controlled by a 
computer elecu-ically connected to the respective coils (and the components 

20 associated with the coils, such as matching circuits and deruners) by control 
lines. 

The control lines connecting the RF coils (and their associated 
components) to the computer are often a major source of RF coil system 
instability. This is caused by spurious RF currents carried along the 
25 surface of the RF shielding jacket associated with tlie control lines. 

SpeciHcally. the cables that carry the control signals for the RF coils are 
generally surrounded by a conductive tubing to prevent RF signals from 
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interfering with the signals on the control lines (and vice versa). The 
shielding jacket is grounded on a common ground to the coils and the 
computer controller. Thus, during RF transmissions, some of the RF 
energy may travel through a ground loop beginning in the control line 
5 shield ings and emerging in the digital and analog control circuits of the 
computer. This spurious RF energy on the ground lines of the control 
circuits can cause control circuit malfunctions, the production of spurious 
analog signals, degradation in the RF transmitter coil Q. Similarly, the 
spurious RF energy can cause receiver coil Q degradation and reduced 
10 isolation between the receiver coils. 

While problems in maintaining isolation of the RF coils can be 
caused by coil-to-coil coupling, the present invention relates more 
particularly to conductive coupling. Coil-to-coil coupling is caused by the 
electrical and magnetic fields which the RF coils are designed to produce. 

15 Some of this coupling between the coils can be reduced by placing a 

number of capacitors in series with the coil traces, by placing some of the 
coils orthogonal to one another, or by allowing part of the coil traces to 
overlap slightly. Further reduction in this coupling can be achieved by 
using a low input impedance preamplifier as a part of a matching circuit to 

20 form an electrical trap circuit which would reduce coupling berween the 
receiver coils. Conductive coupling, on the other hand, may not respond to 
even carefully executed decoupling strategies. 

This conductive coupling can be caused by interconnecting control 
cables. Because the cables not only carry control signals but may also 
25 carry a spurious RF current, coupling between the RF coil and the 
connecting cable interface (conductive coupling) can occur. During the 
transmission period of an MRI session, if sufficient RF energy finds its way 
into the digital and analog circuits via the control signal lines, a control 
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circuit malfunction and spurious analog signals can be produced. The 
coupling can also degrade receiver coil Q and coil-to-coil isolation. 

The RF current on die control lines themselves can be effectively 
blocked by adding LC or RC filters in series with the control lines. 
5 However, physically large RF coils can couple inductively as well as 
capacitively to the cables even though the interfacing cables have filters on 
the control wires. Also ground loop currents through the shield jacket of 
the interfacing cables are not affected by the filters. Filters alone thus have 
had difficulty in dealing with the spurious RF energy. 

10 These problems associated with induced RF currents in the ground 

loops through the shielding of the control lines are worsened by the high 
frequency at which the MRI devices operate. Due to the nature of the 
MRI process, the RF coils must transmit and receive RF signals of a 
predetermined frequency (the so-called "Larmor frequency/ which will 

15 depend upon the magnitude of the magnetic fields employed and the 
magnetogyric ratio of the nuclei being imaged; the frequency is 
approximately 15 MHz in some machines). At these high frequencies, 
achieving a single point ground is impractical because the capacitive 
reactance of the shielded jacket to ground is low, even though the shield 

20 may not be mechanically attached by a conductive wire to ground. 

Techniques used to eliminate ground loop currents in multiple- 
ground systems can be found in the text book "Noise Reduction Techniques 
in Electronic Systems." H.W. On, John Wiley & Sons (1976). These 
techniques include the use of isolaiion transformers, the winding of coaxial 
25 cables axound magnetic cores, and the use of optic couplers. The 

transformer and magnetic core techniques, however, are not suitable for RF 
coils because they include strongly magnetic materials that interfere with 
the static magnet used in the MRI device. These techniques would cause 
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particular problems in MRI systems where one is attempting to generate 
homogeneous magnetic fields in the imaging area. The use of an optical 
coupler to interrupt the ground loop in an MRI device would require 
considerable engineering effort. 

5 Other methods for reducing radio frequency interference caused by 

the ground loops between the control circuitry and the RF coils includes 
l)'doubIe shielding the RF coaxial cables between the control device and 
the RF coils and 2) shielding the control circuitry in a shielding enclosure. 
These methods have proven to be relatively costly and are often ineffective. 

10 Harrison et al., U.S. Patent No. 4,682,125 (commonly assigned 

with the present application) discloses an RFI choke for use in the coaxial 
cables carrying the RF signals between the RF coils and the RF transmitter/ 
receiver. 

The Harrison ei al. RFI choke assembly includes a coil of coaxial 
15 cable between the RF coil and the transmitter/receiver having a number of 
turns that provide a certain inductance and a lump fixed capacitance 
connected in parallel across the coiled section. Harrison et al also provides 
a tuning rod of brass« copper or aluminum positioned within the center of 
the coil section to achieve more precise parallel resonance. While Harrison 
20 et al. used its RF ground breaker to interrupt the coil coupling through the 
coaxial cables between the RF coils and the transmitter/receiver, the 
Harrison et al. RF ground breakers do not break the ground loop through 
the shield jacket on the control lines between the RF coils and the control 
circuitry. 



SUMMARY OF THE INVENTION 



The present invention interrupts the RF ground loop created by the 
shielding jacket of the coil control lines, thus providing improved RF coil 
Q, improved isolation between respective RF coils, and improved isolation 

5 between the RF coils and the control circuitry. The present invention 
interrupts the RF current path on the surface of the shield between the RF 
coils and the control circuitry by shaping the shield into an inductor and 
adding a parallel capacitance to form a resonance circuit operating at the 
Larmor frequency. The example embodiments of the present invention 

10 would provide a parallel resonance circuit with an impedance on the order 
of IkQ to lOkQ, virtually eliminating the ground loop path to RF signals 
between die RF coil and the control circuitry. 



The invention is particularly useful for a receiver coll set having 
multiple RF coil elements and PIN diode/varactor diode controls. In these 
15 instances, isolation of RF coils is particularly important since the PIN/ 
varactor diode controls tend to worsen the isolation problems. 

These as well as other objects and advantages of the invention will 
be more completely understood and appreciated by carefully reviewing the 
following detailed description of the presently preferred exampled 
20 embodiment, taken in conjunction with the drawings, of which: 



BRIEF DESCRIPTION O F THE DRAWINGS 

FIGURE 1 is a schematic diagram of an RF transmission coil and 
receiver coil assembly; 



FIGURE 2 is an isometric view of an RF receiver coil control line 
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FIGURE 3 is a schematic diagram of a prior RF receiver coil 
assembly; 

FIGURE 4 b an RF receiver coil system according to one 
embodiment of the present invention; 

FIGURE 5 is an isometric view of the present RFI choke; and 

FIGURE 6 is a schematic view of another embodiment of die 
present invention. 



DETAIL ED DESCRIPTION OF THE PRKSKNTT.Y 
PREFERRED EXAVfP LED EMBOPTIVfFNT5; 

10 As shown in Figure 1 . MRI assemblies typically employ a RF 

transmission coil, TX, to transmit high-powered RF signals into a body to 
cause magnetically aligned nuclei in the body to tip 90 or 180** from their 
aligned position. The transmission sequence continues for a predetermined 
pulse time sufficient to cause a number of the nuclei to tip. The RF 

15 transmission sequence then ceases for a period. After the transmission 
sequence some number of receiver coils (e.g., two coils in Figure 1), RXl 
and RX2, detect very low-power signals that are generated by the nuclei as 
they move toward realignment, that is toward their original position before 
the RF transmission occurred. These RF transmission and reception 

20 sequences are controlled via control lines between the RF coils and a 
computer. 

Unfortunately, during RF u-ansmission, some of the E/M field 
generated by the high power transmit coil. TX, induces currents in the RF 
receiver coils. RXl and RX2. which can be carried back to the computer 
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controller via ground loops in the control lines between the receiver coils 
and the computer. 

This ground loop occurs on the outside of the shielding jacket on the 
control lines between the receiver coils. RXl and RX2, and the computer 

5 controller. A shielded control is shown in Figure 2. The control line 30 is 
a shielded wire (or wires) and extends between an RF receiver coil and the 
computer that controls the reception of the RF signals from the receiver 
coil. The control line 30 includes one or more conductors 32 for carrying 
RF receiver coil control signals to and from the receiver coil and the 

10 computer. The control line 30 includes a shielding jacket 31 to shield the 
control lines 32 from RF interference. 

At some location, the shield jacket 31 is electrically grounded to a 
common ground with the computer by mechanically attaching a ground lead 
34 to the shield jacket to form a "ground loop." 

15 This ground loop is specifically shown in the multiple receiver coil 

RF system 1 of Figure 3. The multiple RF receiver coil system 1 includes, 
in diis embodiment, four RF receiver coils lOA-lOD connected to coil 
demning circuits 12A-12D and coil matching circuits 14A-14D. The RF 
coils lOA-lOD may be used during the MR! process to receive RF signals 

20 induced by hydrogen nuclei in a human subject. The coil detuning circuits 
12A-12D in coil matching circuits 14A-14D are connected to a coil conu-ol 
interface and receiver 16 via control lines 18A-18D. The control lines 
18A-18D are in cables with shield ground 26A-26D having common 
grounds to the coil control interface and receiver 16. 

25 Tvpically, the control lines 18A-18D are shielded conductors with 

grounded shield jackets 26A-26D. When the RF transmit coil (not shown) 
produces high powered RF signals, induced RF energy is carried along the 
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shields jackets 26A-26D of the control lines 18A-18D. Since the shielding 
jackets are typically conductive outer shrouds that surround the control lines 
between the control circuitry 16 and the coil matching circuits 14A-14D. 
the coil detuning circuits 12A-12D, and the RF coil receiver, they 
5 substantially prevent unwanted RF energy from being induced on the 
control lines themselves, but provide conductive paths to the ground plane 
of the RF coil receiver and control circuitry 16. 

The control lines 18A-18D provide communication paths between 
the coil control circuitry 16 and the components required to control the RF 

10 receiver coils during RF transmission and reception. In the examples 
shown in Figures 3 and 4. the control lines 18A-18D include a common 
line, (COM), control lines (CONTl and CONT2), parallel varactor diode 
control (PAR) and serial varactor diode control output (SER). These 
control lines communicate with the coil detuning circuits 12A-12D .and the 

15 coil matching circuits 14A-14D. The present invention is not limited to die 
specific control lines shown and described here, but encompasses other 
types of componentry with other types of control lines as may be required 
for a particular application. The control lines 18A-18D are, however, 
distinguished from the coaxial cables 19A-19D which carry the MRI 

20 reception signals from the receiver coils lOA-lOD (via the coil matching 
circuits 14A-14D) to the RF receiver and control circuitry 16. 

The spurious RF energy traveling through the shield jackets 26A- 
26D to the ground plane of the RF control circuitry 16 could cause coil Q 
degradation, cause errors in digital analog circuits of the RF coil receiver 
25 and control circuitry 16, and cause image errors (e.g., image artifacts). 

In Figure 3 nothing breaks the ground loop u^.rough the shield 
jackets 26A-26D for the conti-ol lines. The most common symptom of the 
resultant ground loop current in the receiver coil is an uncertainty or 



unreliability in achieving good isolation between receiver coils. In a system 
such as is shown in Figure 3. changing the cable placement or touching the 
cable can affect the isolation performance greatly. 

As shown in Figure 3, RF chokes 20A-20D have been used in 
5 conjunction with the coaxial cables 19A-19D that carry the RF receive 
signals to the RF receiver. An RF choke 20A-20D in the coaxial cable 
19A-19D can be a coil of coaxial cable together with a variable capacitor. 
In Figure 3 the chokes 20A-20D are represented as parallel inductors LI 
and L2 together with the variable capacitor Cy. This arrangement is 
10 effective in inhibiting RF signals carried along the outer conductor of the 
cables 19A-19D carrying the RF signal output from the RF coil matching 
circuits 14A-14D to the RF coil receiver and control circuitry 16. but does 
not prevent spurious RF signals from reaching the RF coil receiver and 
circuitry 16 via the shield jackets 26A-26D of the control cables 18A-18D. 

15 Figure 4 is similar to Figure 3 except RFl chokes 24A-24D 

provided by the present invention are included on the shield jackets 26A- 
26D to prevent spurious RF signals from being carried along the shield 
jackets 26A-26D to the RF coil control circuit 16. As shown in Figure 4. 
the present RFl choke 24A-24D may be schematically represented as the 
20 parallel combination of die inductance L3 and the variable capacitance C2„. 
When die present RFl chokes 24A-24D are used in combination with RFl 
chokes 20A-20D. spurious RF signals diat are induced on the shielding of 
the control lines 18A-18D and the coaxial cable 19A-19D are substantially 
blocked from reaching the RF coil receiver and control circuitry 16. As a 
25 result, the present invention improves die isolation between the RF coil 
elements by reducing secondary coupling caused by the conaol lines. 
Costly double shielded RF coa.xial cables and shielded enclosures for die 
control circuitry can also be eliminated. 
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The structure of the RFI choke 24A is shown in greater detail in 
Figure 5. While only one choke 24A is shown in Figure 5. each of the 
chokes 24A-24D (shown in Figure 4) may take the structure shown in the 
example choke of Figure 5. By comparing Figures 4 and 5, it will be 
5 ^preciated that the control lines 18A (Figure 4) comprise individual wires 
40 (Figure 5) carrying the control signals between the RF coil lOA and die 
RF receiver and coil control circuitry 16. A conductive tubing 44 shields 
the control wires 40 from spurious RF signals induced by die RF coils 
lOA-lOD. The conductive mbing 44 (Figure 5), once grounded, will act as 
10 the DC return path from between the RF receiver and coil control circuitry 
16 to the coil detuning circuit 12A and the coil matching circuit 14A. 

Referring again to Figure 5. the RFI choke 24A consists of a coil of 
the conductive shielding 44 amounting to a number of mrns. Since the 
control wires 40 are carried within the conductive tubing 44, they also take 

15 the form of the coil with the turns. Connected in parallel to the coil of 
conductive shielding 44 is a variable capacitance C2v. preferably connected 
in parallel with a fixed capacitor C2. In die preferred embodiment, the 
fixed capacitor C2 may be 120 pF and the variable capacitor C2v may be 
variable across a range of 15-60 pF. The capacitances C2 and C2v are 

20 electrically connected to die conductive mbing 44 by elecffical leads 46 and 
electrical contacts 42, preferably solder points. 

While not shown in Figure 5. the control wires 40 within die tubing 
44 would continue in a generally non-coiled form at die ends of the coils 
shown on Figure 3 to span die distance between die electrical contacts at 
25 die coil denining circuit 12A, the coil matching circuit 14A and the RF 
receiver and coil control circuitry 16. as shown in Figure 4. The chokes 
24A-24D should be located near the coils lOA-lOD. 




11 

The coils of Figure 5 need not be in the form shown in Figure 5, 
but may be, for example, toroidal. 

In an example embodiment, the conductive tubing 44 is made from a 
2mm diameter copper tube, carrying 26AWG wires 40. When the MRI 
5 system is operating at 15 MHz, the conductive tubing 44 can form a coil of 
12 turns having an inside diameter of approximately 5/8 inches. The length 
of the coiled portion can be 4.3 cm. The inductance of the above coil will 
be approxiniately 0.75 ptH. With this arrangement, the impedance of the 
RFI choke 24 A would be between IkCl and lOlcO. 

10 While the example embodiment shows the wires 40 encased in the 

tubing 44, the present invention is not intended to be limited to any 
particular type of conductive material shielding, provided the shielding can 
perform as the RF choke described . 

Figure 6 shows an example of how the present invention may be 
used in conjunction with both receiver and transmitter coils. The receiver 
coil 50 includes a set of MRI receiver coils such as those shown in Figure 
4. The transmit coil 60 includes at least one high powered RF transmit 
coil. The receiver coils 50 and the transmit coil 60 will each have 
appropriate control circuits (such as matching circuits) associated with 
them. The receiver coil 50 and transmit coil 60 are respectively connected 
to the RF controller 17. The RF controller 17 includes the control circuitry 
90 (for both the transmit coil and the receive coils), the transmitter 70 and 
the receiver 80. 

The connections between the receiver coils 50 and the control 
25 circuitry 90 a.nd receiver 80 of Figure 6 are similar to that shown in Figure 
4. Specitlcallv . the receiver coil 50 includes receiver coils, matching 
circuits, and detuning circuits that are connected to the control circuit 90 by 
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20 
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control wires 40. The control wires 40 are shielded by the conductive 
tubing 44, which is grounded to the control circuitry 90. The conductive 
tubing 44 forms an RFI choke 24 A, like that shown in Figure 5. The 
receiver coil 50 is also connected to the receiver 80 by coaxial cables 19 A 
5 and 19B, one for each receiver coil. The coaxial cables 19A-19B carry the 
MRI reception signals to the receiver 80. 

The control wires 40 are shielded by the conductive tubing 44, 
which is grounded to the control circuitry 90 by shield ground 26A. The 
tubing 44 and control wires 40 form the RFI chokes 24A in the form of the 
10 coil shown in Figure 3. 

The transmit coil 60 is connected similarly to the control circuit 90 
in the high power transminer 70 as was the receiver coil 50. Specifically, 
the transmit coils are connected to the high power transminer 70 by coaxial 
cable 49 with RFI choke 51. The cable 49 carries the transmit signals to 

15 the transmit coil 60. In addition, the transmit coils are controlled by the 
control circuit 90 via control wires 54 passing through a conductive tubing 
53 which is formed in the form of an RFI choke 52 similar to that shown in 
Figure 5. Like the RFI choke shown in Figure 5, the tubing 53 formed 
into a number of turns in parallel with a variable capacitor C2v to form the 

20 RFI choke 52. 

As may be seen from Figure 6, by implementing the present RFI 
chokes 24 A and 52 on each set of control lines between the transmitter 
coils 60, receiver coil 50 and control circuitry 90, together with an 
appropriate RFI choke 20A-20B and 51 between the respective receiver coil 
25 50, transmit coil 60, transmitter 70 and receiver 80, all paths, including 
hidden ground paths, between I) the receiver coil 50 and transmit coil 60, 
and 2) the transmitter 70, receiver 80. and control circuiir y 16. are 
substantially interrupted to spurious RF energy. 
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Although the example shown In Figure 6 implies one transmit coil is 
present (supplied by one cable 49 and one set of control lines 54) and two 
receive coils are present (supplied by two cables 19A and I9B and 
combined control lines 40), the number of transmit coils, number of receive 
5 coils, the number of sets of transmit coil control lines and the number of 
sets of receiver coil control lines will vary from one to any number, 
depending on the application. 

While the invention has been described in connection with what is 
presently considered to be the most practical and preferred embodiment, it 
10 is to be understood that the invention is not to be limited to die disclosed 
embodiment, but on the contrary, is intended to cover various modifications 
and equivalent arrangements included within the spirit and scope of the 
appended claims. 
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WHAT TS CLAIMED IS : 

1 1. A RF system, comprising: 

2 a RF coil; 

3 coil matching circuitry in electrical communication with the RF coil; 

4 a controller; 

5 a control line in electrical communication with the coil matching 

6 circuitry and the controller, the control line carrying a signal controlling the 

7 RFcoil; 

8 conductive shielding adjacent at least a portion of the control line, 

9 the conductive shielding having a coiled portion; and 

10 a reactive load electrically connected to the coiled portion. 

1 2, The RF system according to claim 1 , wherein the coil matching 

2 circuitry is also in electrical communication with the controller via a RF 

3 coaxial cable, the RF coaxial cable having another coiled portion connected 

4 to another reactive load. 

1 3. The RF system according to claim 1, further including multiple 

2 control lines having at least portions adjacent the conductive shielding. 

1 4. The RF system according to claim I, further including: 

2 multiple RF coils; 

3 multiple coil matching circuits in electrical communication with 

4 corresponding ones of the RF coils; 

5 multiple control lines in electrical communication with the controller 

6 and corresponding ones of the coil matching circuits; and 

7 multiple conductive shieldings adjacent at least a portion of 

8 corresponding ones of the multiple control lines, each conductive shielding 

9 having corresponding coiled portions: and 
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10 multiple reactive loads connected to corresponding ones of the coiled 

1 1 portions. 

1 5. The RF system according to claim 2, further including: 

2 multiple RF coils; 

3 multiple RF coaxial cables; 

4 multiple coil matching circuits in electrical communication with 

5 corresponding ones of die RF coils and in electrical communication wirfi 

6 the controller via corresponding ones of the RF coaxial cables; 

7 multiple control lines in electrical communication with the controller 

8 and corresponding ones of the coil matching circuits; and 

9 multiple conductive shieldings adjacent at least a portion of 

10 corresponding ones of the control lines, each conductive shielding having 

11 corresponding first coiled portions; and 

12 multiple first reactive loads connected to corresponding ones of the 

13 first coiled portions, 

14 the RF coaxial cables having corresponding second coiled portions 

15 connected to corresponding second reactive loads. 

1 6. The RF system according to claim 1. further including: 

2 coil detuning circuitry in electrical communication with the control 

3 circuitry via additional control lines carrying additional control signals, 

4 the conductive shielding being adjacent at least a portion of each 

5 control line. 

1 7, The RF system according to claim K wherein the conductive 

2 shielding surrounds the portion of the control line. 

1 8. The RF system according to claim I. wherein the reactive load 

2 is a capacitor connected in parallel to the coiled portion. 
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1 9. A RF coil system, comprising: 

2 a controller to output control signals; 

3 control lines; 

4 an RF receiver coil system, connected to the output means by the 
3 control lines, for receiving a RF signal in response to the control signals; 

6 a RF choke, including: 

7 conductive shielding near the control lines, electrically 

8 connected to the controller and the receiver coil system, whereby the 

9 conductive shielding substantially shields the control lines from the RF 

10 signal, a portion of the conductive shielding being in the form of an 

11 inductive load, and 

12 a reactive load connected to the conductive shielding. 



1 10. The RF system according to claim 9, wherein the inductive 

2 load is a coil of the conductive shielding. 

1 11. The RF system according to claim 9, wherein the RF receiver 

2 coil system includes a RF coil, a matching circuit and a detuner. 

1 12. The RF system according to claim 9, wherein die conductive 

2 shielding surrounds the control lines. 

1 13. A RF system comprising: 

2 a RF receiver coil having a RF signal output and a receiver control 

3 signal input; 

4 a RF transmitter coil having a RF signal input and a transmitter 

5 control signal input; 

6 a transmitter having a transmitter signal output; 

7 a receiver having a receiver signal input; 

8 a control circuit having a receiver control signal outpu; and a 

9 transmitter control signal output; 
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10 a first shielded cable electrically connecting the RF signal output to 

n the receiver signal input, the first shielded cable having a portion formed in 
12 a first coil; 

,3 a second shielded cable electrically connecting the RF signal input to 

14 the transmitter signal output, the second shielded cable having a portion 

15 formed in a second coil; 

16 fu-st control lines, housed in a first conductive shield having a 

17 portion formed in a third coil, electrically connecting the receiver control 

18 signal input to the receiver control signal output; 

,9 second control lines, housed in a second conductive shield having a 

20 portion formed in a fourth coil, electrically connecting the transmitter 

21 control signal input to the transmitter control signal output. 

1 14. The RF system according to claim 13, further including first, 

2 second, third and fourth reactive loads connected to. respectively, the first, 

3 second, third and fourth coils. 
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